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DESCRIPTION 



TucoMnsTARLE a, m .MP PHOSPHATE OF THERMUS 

xi-p qyiOPHILUS 

Rark; qrniind of tha Invention 

5 This application is a continuation-in-part of Thermostable alkaline 

phosphatase of Ib^miosiphc_dri^". «-d April 18, 1994. by Davis and 
Szasz, and assigned U.S.S.N. ^^hereby incorporated by reference 

herein. 

Alkaline phosphatases are commonly used in routine biochemical 
, o procedures to remove phosphate groups from the terminus of a nucleic 
acid molecule. For example, calf intestinal alkaline phosphatase is a heat 
labile enzyme which is used to remove such phosphate groups, and then .s 
inactivated by exposure to a high temperature. This thermal instability » 
advantageous because the alkaline phosphatase need not be removed 
1 5 from the reaction mixture prior to subsequent manipulates. 

Alkaline phosphatase is also used as a non-radioactive marker for the 
detection of specific protein or DNA targets. It is conjugated to prote.ns or 
DNA oligonucleotides to aid in detection of such targets. Enzyme 
thermostability is desired in these applications. Alkaline phosphatases 
20 from various thermophilic and other organisms are known. Yeh et al., 
"Purification and Characterization of a Repressive Alkaline Phosphatase 
from Thermus aquaticu?, JJSiolJSlierjL 251:3134. 1976; Hartog et al., "An 
- Alkaline Phosphatase from Thermus sp Strain Rt41A\ Int. .I. Biochem, , 
241657 1992; Schaffel et al., "Alkaline Phosphatase from Bacllus 
25 licheniformis; pinr-himir, et Piophvsica Acta, 526:457, 1978; Hulett- 
Cowling and Campbell., "Purification and properties of an alkal.ne 
phosphatase of Sac/7/us licheniformis," 10 Bjoc.. 1364, 1971. 

Summary ?f t hfi Invention 

Applicant has isolated and purified a novel alkaline phosphatase from 
30 the thermophilic species Thermus thermpphilus. This enzyme has an 
extremely high P H optimum ( P H13 or greater), and is thermostable. 



BNSOCCIO: <WO 9530766A1J_> 



WO 95/30756 



PCIYUS95/04408 



2 



retaining at least 50% of its activity even after 24 hours incubation at 65°C. 
The higher pH optimum of this enzyme is a significant advantage. This 
high P H optimum, and thus stability at high pH, enhances the use of the 
enzyme in non-radioactive detection systems, for example, when the 
5 enzyme is used with streptavidin. in addition, the high pH optimum of the 
enzyme makes it suitable for use with dioxetane substrates which undergo 
rapid conversion to the luminescent form at such alkaline pH. 

The thermostability of the alkaline phosphatase is also advantageous 
in that following direct cross-linking of the enzyme to nucleic acid probes, it 
10 allows hybridization and subsequent washes of such labelled probes 
under stringent hybridization conditions, that is, at elevated temperatures 
without loss of enzyme activity. 

Thus, in a first aspect the invention features an enzymatically active 
portion of' the thermostable alkaline phosphatase present in Thermus 
15 thPrmophilus (Tth) having a pH optimum greater than 10.5, preferably an 
optimum at a pH equal to or greater than 1 1 , which is also resistant to a 
temperature of at least 65°C (Ul, maintains at least 10% of its activity at this 
temperature). 

By "alkaline phosphatase" is simply meant a protein or fragment 
20 thereof having an activity which removes a phosphate group from a 
molecule, such as a DNA molecule or another molecule, such as p- 
nitrophenyl phosphate (pNPP). An alkaline phosphatase is one which is 
active at a pH greater than 7, and in the present invention has a pH 
optimum greater than 1 0.5 and preferably at pH 1 1 or higher. Such activity 
25 may be measured in a variety of buffers, e.g., CAPS, TRIS, TAPS, Glycine, 
Na phosphate and KCI-NaOH, in the presence or absence of glycerol and 
divalent cations. As will be shown below, the activity of the phosphatases 
of this invention will vary dependent on such conditions. Thus, an enzyme 
of this invention preferably has its activity optimum measured in the 
30 presence of glycerol in 100mM CAPS, e.g., in the presence of calcium ions. 

By "thermostable" is meant that the enzyme maintains at least 10% of 
its activity after heating at 65°C for one hour or longer, preferably for 5 or 10 
hours. While Applicant provides one example of an alkaline phosphatase 
of the present invention, those in the art armed with the fact that an alkaline 
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phosphatase having a P H optimum of greater than or about 11 x*ts in 
nature and can be iso.ated can now readily screen portions of the en^me 
to determine the presence of such an activity, and can use standard 
methodology as described herein to isolate and punfy such an enzymatic 

5 portion. 

In the present invention, the enzyme is preferably provided in a 
purified form, that is. it is isolated from the environment in which .t naturaHy 
occurs. Generally, such an environment is within a bacterial cell and the 
protein is isolated from the cell wall and/or membranes of that cell such that 
0 it is enriched at least 1 0- or 1 00- fo.d compared to its presence in the ce L 
More preferably, it is enriched 1000- or 10,000- or more fo.d such that ft is 
an essentially homogeneous preparation, that is, it is the predominant 
species of protein in a preparation. Even more preferably, the protein » the 
only species, that is. it represents at least 95% of the proteinaceous 
, 5 materia, in a sample. Such a protein may be prepared from the bactena, 
cells in which it naturally occurs, or may be prepared using standard 
recombinant DNA methodology to cause high level of expression of the 
protein in a bacterium or other cell in which it does not naturally occur, e^, 
£. fipJL- A crude extract of such recombinant protein is included wrth.n the 
20 definition of purified protein. 

Using standard techniques the enzyme described below can be 
readily cloned, for example, by microsequencing of the prote.n or 
fragments thereof, preparation of oligonucleotides useful as probes for a 
library of clones generated from the nucleic acid of a desired organism, 
T— th. mn nhllu8. and screening of that library with such probes 
to isolate fragments of DNA encoding the protein. Alternatively an 
antibody to the protein may be produced and an expression library 
screened to determine which clone expresses an antigenic determ.nant 
recognized by that antibody. Other standard techniques are well known to 
those of ordinary skill in the art to isolate such genes encoding the claimed 
proteins. Such genes encode recombinant alkaline phosphatase. 

Thus in a second aspect the invention features recombinant alkaline 
phosphatase having the above properties, and cells encoding nucleic acid 



25 



30 
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including such recombinant DNA. Equivalent genes encoding such 
phosphatases can be cloned using standard methodology. 

in a third aspect, the invention features a method for use of the above 
enzymes in labeling of protein or nucleic acid, and in various molecular 
5 biology techniques. Thus, the enzymes of the present invention may be 
used in standard labeling reactions and in diagnostic assays. They may be 
also used in molecular biology techniques in which removal of a 
phosphate group is desired. 

Other features and advantages of the invention will be apparent from 
1 o the following description of the preferred embodiments thereof, and from 
the claims. 

n^rri ption of *hP Preferred Fmbodiment 
The drawings will first briefly be described. 
Drawings 

15 Fig. 1 is a graphical representation showing the pH activity of an 

enzyme of the present invention; 

Fig. 2 is a graphical representation showing the activity (optimum) of 
an enzyme of the present invention in various concentrations of CAPS 
buffer at pH 1 1 .0; 

20 Fig. 3 is a graphical representation showing the activity (optimum) of 

an enzyme of the present invention in various concentrations of NaCI; 

Fig 4 is a graphical representation showing the activity (optimum) of 
an enzyme of the present invention in various concentrations of glycerol; 

Fig. 5 is a graph showing the activity (optimum) of an enzyme of the 
25 present invention at various temperatures; and 

Fig. 6 is a graph showing the stability of the enzyme after heating at 
70°C for up to twenty four hours in various buffers. 
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Thermus thermophilus strain HB8 was grown under aerobic 
conditions at 75°C in a defined media (modified from Yen and Trela; 251 J. 
Biol Chem. 3134, 1976) containing limiting amounts of .norgan.c 
phosphate which causes a derepression of alkaline phosphatase .n th.s 
organism. The culture media contained the following salts per liter: 100 mg 
nitrilotriacetfc- acid, 60 mg CaS0 4 .2H 2 0, 100 mg MgS0 4 -7H 2 0, 8 mg 
NaCI. 105 mg KNO3. 5 mg ZnS0 4 .7H 2 0, 5 mg H3BO3, 0.16 mg 
CuSO 4 .5H2O..0.25 mg Na 2 M0O4-2H2O, 0.4 mg CoCI 2 .6H 2 0, 2 2 mg 
MnS0 4 .H 2 0. 0.28 mg FeCi 3 -6H 2 0. Vitamins were added as follows per 
liter: 0.1 mg biotin, 0.1 mg thiamin and 0.05 mg niacin. The media was 
further supplemented to 0.3% L-glutamic acid, 0.004% L-lysine. 0.1% 
glycerol and 0.1% glucose. Sodium glycerophosphate (40uM) served as 
the source of phosphate. The pH of the media was adjusted to 7.2. Cells 
1 5 were harvested by continual flow centrifugation and stored frozen at -80°C. 

Alkaline phosphatase activity was measured spectrophotometrically 
at 405nm by following the increase in absorbance due to the release of p- 
nitrophenol from p-nitrophenyl phosphate (pNPP) by the enzyme at 37°C. 
The assay buffer contained 6mM p-nitrophenyl phosphate, 100mM CAPS 
2 0 (pH 1 1), and 15% glycerol unless noted otherwise. 

Frozen cells were thawed, resuspended in 10mM Tris-HCI (pH8),1M 
MgCI 2 and 1 mM CaCI 2 and lysed by sonication. The lysate was cleared 
of cellular debris by centrifugation, dialyzed against 20 mM Tns, pH 8.0, 25 
mM MgCl 2 , 1 mM CaCI 2 and 0.1% Triton X 10) (buffer A) before applying 

25 to a DE52 anionic exchange column equilibrated in buffer A. The majonty 
of alkaline phosphatase activity appeared in the flow through which was 
adjusted to pH 6.0 by the addition of 25 mM MES (free acid) and 
subsequently applied to a Heparin Sepharose CL-6B cationic exchange 
column. The column was developed with a linear gradient from 0 to 800 

30 mM NaCI (MgCI 2 and Triton were omitted from the high salt buffer) . 

Fractions containing alkaline phosphatase activity (-300 mM NaCI) 
were pooled and applied directly to a hydroxylapatite column which was 
washed extensively with 20 mM Tris pH 7.4 and then developed w.th a 
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linear gradient from 20 to 500 mM Na Phosphate pH 7.0. The majority of 
alkaline phosphatase activity eluted at -100 mM Na Phosphate. 

Preliminary analysis of the preparation by SDS-PAGE suggested that 
the peak of enzyme activity corresponded to a major protein band which 
5 migrated at an apparent molecular weight of -49,000 daltons. Further 
purification and analysis is required to confirm this assignment. The final 
product was -80% homogeneous for the 49 kd polypeptide and 
represented an -10-fold purification from the crude extract as determined 
by specific activity studies. 

10 Tth alkaline phosphatase displays measurable activity over a rather 

broad range of pH values, but appears to have an unusually high pH 
optimum, with 13.0 being the highest assayed (Fig. 1). Since applications 
at such an extreme pH are infrequent, most of the characterizations were 
carried out at pH 11.0. Under optimized conditions (100 mM CAPS pH 
15 11.0, 15% glycerol) the enzyme displays a specific activity of > 250 units 
per mg at 37°C. Enzyme activity is affected by a variety of other factors, 
including buffer (Figs. 1 and 5). ionic strength (Figs. 2 and 3), glycerol (Fig. 
4) and temperature (Fig. 5). The enzyme also appears to have a 
requirement for divalent cation as it is inhibited by 1 mM EDTA (data not 
20 shown). However, the addition of Ca ++ , Mg ++ , Mn ++ , Co ++ , Cu ++ , or 
Zn"*"*- to the assay mixture either failed to stimulate activity or was found to 
• be inhibitory. More routine experiments can readily determine metal ion 
requirements of this enzyme. The protein appears to be quite thermostable 
as it retains nearly 90% of its activity after 24 hours incubation at 70°C (Fig. 
25 6). While more active in CAPS buffer, the enzyme appears to be more 
stable in Tris. It is unclear whether the activity in Tris is due to a pH effect or 
a buffer effect, but the enzyme activity is stimulated by high concentrations 
of this buffer. 

Uses 

30 ThPrmus thermophilus alkaline phosphatase may be a potentially 

useful enzyme for the non-isotopic detection of proteins and nucleic acids. 
For example, the thermostability of this enzyme may make it a good 
candidate for direct crosslinking to DNA probes which could then be 
hybridized to specific targets under stringent conditions (i.e., elevated 
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temperatures), in addition, the broad temperature activity range of this 
enzyme (Fig. 5), permits flexibility in choice of assay temperature. Finally, 
the extremely high pH optimum of Tth alkaline phosphatase may make it 
uniquely suitable for applications at high pH. 

5 Specifically, the alkaline phosphatases of this invention have several 

potential uses in the numerous non-isotopic methods for the detection of 
proteins and nucleic acids. For example, the high pH optimum of this 
enzyme makes it suitable with dioxetane substrates which undergo rapid 
conversion to the luminescent form at alkaline pH. In addition, the high 

10 thermostability of this alkaline phosphatase makes it useful for direct 
crosslinking to nucleic acid probes. Hybridization and subsequent washes 
can be carried out under stringent conditions ( i.e. . elevated temperatures) 
without loss of enzyme activity. When using streptavidin conjugated 
alkaline phosphatase on positively charged membranes, as in nucleic acid 

15 hybridization, pH greater than 9.5 is preferred to give decreased 
background. 

Alkaline phosphatases from different organisms may (or may not) 
behave similarly during purification. The high pH optimum for activity 
cannot be exploited for the purification per se, but see below for screening. 
20 The high temperature optimum will be useful in purifying such enzymes 
after cloning into hosts that grow at a moderate temperature, such as £L 
- coli . Extracts from E. coli could be heat treated to precipitate all proteins 
that denature at elevated temperatures. 

If an enzyme is desired which is stable at 65°-75°C, it is possible to 
enhance the chances of discovery of such an enzyme by trying to isolate 
novel organisms that grow well at those temperatures. One could also 
select for organisms that are tolerant of high pH, In addition, knowing that 
an alkaline phosphatase is desired, one can then screen organisms, or 
libraries of recombinant clones, for alkaline phosphatase activity by use of 
the compound 5-bromo-4-chloro-3-indolyl phosphate (X-Phos). A blue 
color is obtained when the phosphate group is removed from this 
compound, making it very convenient to screen for activity. A pH activity 
profile would then be prepared to determine whether the phosphate 
removing activity was an alkaline phosphatase. 
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Other embodiments are within the following claims. 
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Claims 

1. A purified enzymaticaliy active portion of the thermostable alkaline 
phosphatase present in Thermus thermophilus having a pH 
optimum greater than 10.5 and stable to heating at 65°C for T hour. 

5 2. Recombinant DNA encoding a thermostable alkaline phosphatase 
having a pH optimum greater than 10.5 and stable to heating at 
65°C for 1 hour. 

3. A cell comprising the recombinant DNA of claim 2. 

4. Recombinant alkaline phosphatase having a pH optimum greater 
10 than 10.5 and stable to heating at 65°C for 1 hour. 

5. Method for detecting nucleic acid or protein in sample comprising the 

step of providing a nucleic acid, protein, or antibody labelled with a 
thermostable alkaline phosphatase having a pH optimum greater 
than 10.5 and stable to heating at 65°C for 1 hour. 
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